Regional distribution of nicotinic receptors during prenatal development of human brain and spinal cord.
The development of nicotinic acetylcholine receptors (nAChRs) in brains from human fetuses of 4-12 weeks gestational age was studied. The expression of nAChR subunit mRNAs was analyzed using reverse transcriptase-polymerase chain reaction. Expression of alpha 3, alpha 4, alpha 5, alpha 7, beta 2, beta 3 and beta 4 mRNA were all detected in the prenatal spinal cord, medulla oblongata, pons, cerebellum, mesencephalon, subcortical forebrain and cortex during first trimester development. Relative quantification of mRNA showed that the highest levels for alpha 3, alpha 4 and alpha 7 were expressed in the spinal cord, alpha 5 was most abundant in the cortex and beta 3 was highest in the cerebellum. beta 4 seemed to be equally distributed in all regions whereas beta 2 was high in the cortex and cerebellum. A comparison of expression of nAChR subunit mRNAs in the cortex and cerebellum of prenatal and aged (54-81 years) brain showed that mRNA levels for alpha 4, alpha 5, alpha 7, beta 2 and beta 4 were significantly higher in the prenatal cortex and cerebellum than in aged brain, whereas the level of alpha 3 transcript was similar, and beta 3 significantly higher in aged cortex. Specific binding of [3H]-epibatidine to prenatal brain membranes was detected as early as 4-5 weeks of gestation in the spinal cord, medulla oblongata, pons and subcortical forebrain. A positive correlation between gestational age and [3H]-epibatidine and [3H]-cytisine binding was found in several brain regions. The highest specific binding of [3H]-epibatidine and [3H]-cytisine was detected in the spinal cord, pons and medulla oblongata and the lowest in the cortex. Saturation analysis of [3H]-cytisine binding in both prenatal and aged brain were best fit by a model for a single site, whereas binding data for [3H]-epibatidine revealed two classes of binding sites. The early presence of nAChR proteins and gene transcripts shown in the present study suggests an important role for nAChRs in modulating dendritic outgrowth, establishment of neuronal connections and synaptogenesis during development.